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(54) Title: A GPS RECEIVER AND METHOD FOR PROCESSING GPS SIGNALS 
(57) Abstract 

A global positioning 
system (GPS) receiver has 
first circuitry for receiving 
and processing pseudorandom 
sequences transmitted by a 
number of GPS satellites. The 
first circuitry is configured 
to perform conventional 
correlation operations on 
the received pseudorandom 
sequences to determine 
pseudoranges from the GPS 
receiver to the GPS satellites. 
The GPS receiver also includes 
second circuitry coupled to 
the first circuitry. The second 
circuitry is configured to receive 
and process the pseudorandom 
sequences during blockage 
conditions. The second circuitry 
processes the pseudorandom 
sequences by digitizing and 
storing a predetermined record 
length of the received sequences 
and then performing fast 

convolution operations on the stored data to determine the pseudoranges. The GPS receiver may have a common circuitry for receiving 
GPS signals from in view satellites and downconverting the RF frequency of the received GPS signals to an intermediate frequency 
(IF). The IF signals are split into two signal paths, a first of which provides the conventional correlation processing to calculate the 
pseudoranges. During blockage conditions, the IF signal is passed to the second signal path wherein the IF signals are digitized and stored 
in memory and later processed using the fast convolution operations to provide the pseudoranges. Alternative arrangements for the two 
signal paths include separate downconverters or shared digitizers. One embodiment provides both signal paths on a single integrated circuit 
with shared circuitry executing computer-readable instructions to perform GPS signal processing appropriate to the reception conditions. 




BEST AVAILABLE COPY 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AM 


Armenia 


GB 


United Kingdom 


MW 


Malawi 


AT 


Austrii 


GE 


Georgia 


MX 


Mexico 


AU 


Australia 


GN 


Guinea 


NE 


Niger 


BB 


Barbados 


GR 


Greece 


NL 


Netherlands 


BE 


Belgium 


HU 


Hungary 


NO 


Norway 


BP 


Burkina Fuo 


IE 


Ireland 


NZ 


New Zealand 


BG 


Bulgaria 
Benin 


IT 


Italy 


PL 


Poland 


BJ 


JP 


Japan 


FT 


Portugal 


BR 


Brazil 


KE 


Kenya 


RO 


Romania 


BY 


Belarus 


KG 


Kyrgystan 


RU 


Russian Federation 


CA 


Canada 


KP 


Democratic People's Republic 


SD 


Sudan 


CF 


Central African Republic 




of Korea 


SE 


Sweden 


CG 


Congo 


KR 


Republic of Korea 


SG 


Singapore 


CH 


Switzerland 


KZ 


Kazakhstan 


SI 


Slovenia 


a 


Cote d'lvoire 


U 


Liechtenstein 


SK 


Slovakia 


CM 


Cameroon 


LK 


Sri Lanka 


SN 


Senegal 


CN 


China 


LR 


Liberia 


sz 


Swaziland 


cs 


Czechoslovakia 


LT 


Lithuania 


TD 


Chad 


cz 


Czech Republic 


LU 


Luxembourg 


TG 


Togo 


DE 


Germany 


LV 


Latvia 


TJ 


Tajikistan 


DK 


Denmark 


MC 


Monaco 


TT 


Trinidad and Tobago 


EE 


Estonia 


MD 


Republic of Moidovt 


UA 


Ukraine 


ES 


Spain 


MG 


Madagascar 


UG 


Uganda 


FI 


Finland 


ML 


Mali 


US 


United States of America 


FR 


France 


MN 


Mongolia 


UZ 


Uzbekistan 


GA 


Gabon 


MR 


Mauritania 


VN 


Viet Nam 



WO 97/14057 



PCT/US%/16178 



-1- 

A GPS RECEIVER AND METHOD FOR PROCESSING GPS SIGNALS 
RELATED APPLICATIONS 

This application is related to and hereby claims the benefit of the filing date 
of a provisional patent application by the same inventor, Norman F. Krasner, 
which application is entitled Low Power, Sensitive Pseudorange Measurement 
Apparatus and Method for Global Positioning Satellites Systems, Serial No. 
60/005318, filed October 9. 1995. 

TTFvT ,P OF THFr INVENTION 

The present invention concerns receivers capable of determining 
pseudoranges to orbiting satellites and, in particular, concerns such receivers as 
find application in global positioning satellite systems (GPS). 

BACKGROUND 

GPS receivers normally determine their position by computing relative 
times of arrival of signals transmitted simultaneously from a multiplicity of GPS 
(or NA VSTAR) satellites. These satellites transmit, as part of their message, both 
satellite positioning data as well as data on clock timing, so-called "ephemeris" 
data. The process of searching for and acquiring GPS signals, reading the 
ephemeris data for a multiplicity of satellites and computing the location of the 
receiver from this data is time consuming, often requiring several minutes. In 
many cases, this lengthy processing time is unacceptable and, furthermore, greatly 
limits battery life in micro-miniaturized portable applications. 

Another limitation of current GPS receivers is that their operation is limited 
to situations in which multiple satellites are clearly in view, without obstructions, 
and where a good quality antenna is properly positioned to receive such signals. 
As such, they normally are unusable in portable, body mounted applications; in 
areas where there is significant foliage or building blockage (e.g., urban canyons); 
and in in-building applications. 

There are two principal functions of GPS receiving systems: (1) 
computation of the pseudoranges to the various GPS satellites, and (2) 
computation of the position of the receiving platform using these pseudoranges 
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and satellite timing and ephemeris data. The pseudoranges arc simply the time 
delays measured between the received signal from each satellite and a local clock. 
The satellite ephemeris and timing data is extracted from the GPS signal once it is 
acquired and tracked As stated above, collecting this information normally takes a 
relatively long time (30 seconds to several minutes) and must be accomplished 
with a good received signal level in order to achieve low error rates. 

Virtually all known GPS receivers utilize correlation methods to compute 
pseudoranges. GPS signals contain high rate repetitive signals called 
pseudorandom (PN) sequences. The codes available for civilian applications are 
called C/A codes and have a binary phase-reversal rate, or "chipping" rate, of 
1.023 MHz and a repetition period of 1023 chips for a code period of 1 msec. The 
code sequences belong to a family known as Gold codes. Each GPS satellite 
broadcasts a signal with a unique Gold code. 

For a signal received from a given GPS satellite, following a 
downconversion process to baseband, a correlation receiver multiplies the received 
signal by a stored replica of the appropriate Gold code contained within its local 
memory, and then integrates, or lowpass filters, the product in order to obtain an 
indication of the presence of the signal. This process is termed a "correlation" 
operation. By sequentially adjusting the relative timing of this stored replica 
relative to the received signal, and observing the correlation output, the receiver 
can determine the time delay between the received signal and a local clock. The 
initial determination of the presence of such an output is termed "acquisition." 
Once acquisition occurs, the process enters the "tracking" phase in which the 
timing of the local reference is adjusted in small amounts in order to maintain a 
high correlation output. The correlation output during the tracking phase may be 
viewed as the GPS signal with the pseudorandom code removed, or, in common 
terminology, "despread." This signal is narrow band, with bandwidth 
commensurate with a 50 bit per second binary phase shift keyed data signal which 
is superimposed on the GPS waveform. 

The correlation acquisition process is very time consuming, especially if 
received signals are weak. To improve acquisition time, most GPS receivers 
utilize a multiplicity of correlators (up to 12 typically) which allows a parallel 
search for correlation peaks. 
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Some prior GPS receivers have used FFT techniques to determine the 
Doppler frequency of the received GPS signal. These receivers utilize 
conventional correlation operations to despread the GPS signal and provide a 
narrow band signal with bandwidth typically in the range of 10 kHz to 30 kHz. 
The resulting narrow band signal is then Fourier analyzed using FFT algorithms to 
determine the carrier frequency. The determination of such a carrier 
simultaneously provides an indication that the local PN reference is adjusted to the 
correct phase of the received signal and provides an accurate measurement of 
carrier frequency. This frequency may then be utilized in the tracking operation of 
the receivers. 

U.S. Patent No. 5,420,592 to Johnson discusses the use of FFT 
algorithms to compute pseudoranges at a central processing location rather than at 
a mobile unit. According to that method, a snapshot of data is collected by a GPS 
receiver and then transmitted over a data link to a remote receiver where it 
undergoes FFT processing. However, the method disclosed therein computes 
only a single forward and inverse Fast Fourier Transform (corresponding to four 
PN periods) to perform the set of correlations. 

SUMMARY 

One embodiment of the present invention provides a global positioning 
system (GPS) receiver having first circuitry for receiving and processing 
pseudorandom sequences transmitted by a number of GPS satellites. The first 
circuitry is configured to perform conventional correlation operations on the 
received pseudorandom sequences to determine pseudoranges from the GPS 
receiver to the GPS satellites. The GPS receiver also includes second circuitry 
coupled to the first circuitry. The second circuitry is configured to receive and 
process the pseudorandom sequences during blockage conditions. The second 
circuitry processes the pseudorandom sequences by digitizing and storing a 
predetermined record length of the received sequences and then performs fast 
convolution operations on the stored data to determine the pseudoranges. 

In one embodiment, the GPS receiver has a common antenna for receiving 
GPS signals from in view satellites; and a common downconvener for reducing 
the RF frequency of the received GPS signals to an intermediate frequency (IF). 
The IF signals are then split into two signal paths. A first of the signal paths 
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provides for conventional GPS signal processing using correlation operations to 
calculate the pseudoranges. During blockage conditions, the IF signal is passed to 
the second signal path wherein the IF signals are digitized and stored in memory 
for later processing in the receiver. This later processing is accomplished using a 
programmable digital signal processor which executes the instructions necessary to 
perform fast convolution operations on the sampled IF GPS signals to provide the 
pseudoranges. 

In yet another embodiment of the present invention, the GPS receiver has a 
common antenna for receiving GPS signals from in view satellites and a switch for 
choosing between two signal paths. A first of the signal paths provides for 
conventional GPS signal processing, wherein pseudoranges are calculated using 
correlation operations. During blockage conditions, a second signal path is used 
wherein the signals are digitized and stored in memory for later processing. This 
later processing is accomplished using fast convolution operations on the sampled 
GPS signals to provide the pseudoranges. 

A further embodiment of the present invention provides a GPS receiver 
with a common antenna for receiving GPS signals from in view satellites and a 
common downconverter and digitizer. Sampled GPS signals received from the in 
view satellites are provided to a first signal path for conventional correlation 
processing to determine pseudoranges. During blockage conditions, the sampled 
GPS signals are provided to a second signal path for processing using fast 
convolution operations to determine the pseudoranges. The two signal paths may 
be provided by separate circuitry or by common circuitry executing computer 
readable instructions appropriate for the given reception conditions. 

An additional embodiment of the present invention provides a method for 
determining the position of a remote GPS receiver by storing GPS satellite 
information, including Doppler, in the remote unit During blockage conditions, 
the remote unit uses this information and sampled GPS signals from in view 
satellites to subsequendy compute pseudoranges to the satellites using fast 
convolution operations. The computed pseudoranges may then used to determine 
the position of the remote unit The position determination can occur at the remote 
unit or at a bascstation. Where the position determination is performed at a 
basestation, the remote unit transmits the pseudoranges to the basestation via a data 
link. 
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BRTEF DESCRIPTION OF THE DRAWINGS 

The present invention is illustrated by way of example and not limitation in 
the figures of the accompanying drawings in which like references indicate similar 
elements and in which: 

Figures 1 A - ID arc block diagrams of the major components of a remote 
GPS receiving system utilizing the apparatus and methods of the present invention; 

Figure 2 is a block diagram of an exemplary embodiment of the dual mode 
GPS receiving system corresponding to Figure 1C and utilizing the apparatus and 
methods of the present invention; 

Figures 3A and 3B provide two alternatives for the RF and IF portions of 
the dual mode GPS receiver illustrated in Figure 2; 

Figure 4 shows a flowgraph of the major software operations performed 
by a programmable DSP processor as illustrated in Figure 2 in accordance with the 
present invention; and 

Figures 5A - 5E illustrate signal processing waveforms at various stages of 
processing in a dual mode GPS receiver according to the present invention. 

DETAILED DESCRIPTION 

This invention concerns apparatus and methods for computing the position 
of a mobile, or remote, global positioning system (GPS) receiver with very low 
received signal levels. As illustrated in Figures 1 A - ID, a GPS receiver 10 has 
first circuitry for receiving and processing pseudorandom sequences transmitted 
by a number of GPS satellites. The first circuitry is configured to perform 
conventional correlation operations on the received pseudorandom sequences to 
determine pseudoranges from the GPS receiver to the GPS satellites. 
Accordingly, the first circuitry is referred to herein as a conventional GPS receiver 
12. The GPS receiver 10 also includes second circuitry coupled to the 
conventional GPS receiver 12. The second circuitry is configured to receive and 
process the pseudorandom sequences during blockage conditions. Blockage 
conditions are those conditions where the conventional GPS receiver 12 may have 
difficulty acquiring and/or tracking GPS signals from GPS satellites, such as 
occasions where the GPS signals have very low signal to noise ratios, urban 
canyon conditions where GPS signals are blocked due to tall buildings, tunnels 
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and other obstacles, conditions where the GPS receiver 10 is being operated under 
cover of trees or other foliage, in building applications where GPS receiver 10 is 
being operated indoors, and other blockage conditions as will be appreciated by 
those skilled in the art. 

The second circuitry is referred to herein as a snapshot GPS receiver 14 
which processes the pseudorandom sequences by digitizing and storing GPS data 
made up of a predetermined record length of the received pseudorandom 
sequences. Once the GPS data has been stored, snapshot GPS receiver 14 
performs fast convolution operations on the stored data to determine the 
pseudoranges. The manner in which these computations are performed are 
discussed in detail below. 

As illustrated in Figures 1 A - ID, GPS receiver 10 includes two signal 
paths, corresponding to conventional GPS receiver 12 and snapshot GPS receiver 
14. Various embodiments may include common circuitry within these signal paths 
for receiving GPS signals from in view satellites, downconverting the RF 
frequency of the received GPS signals to an intermediate frequency (IF) and/or 
digitizing the received GPS signals. For example, all the embodiments illustrated 
in Figures 1A - ID include a common antenna 16 for receiving GPS signals. 
However, separate antennas for conventional GPS receiver 12 and snapshot GPS 
receiver 14 could be used. The embodiment illustrated in Figure IB provides a 
common antenna switch 18 for choosing between the two signal paths. During 
non-blockage reception conditions, switch 18 will allow received GPS signals to 
pass from antenna 16 to conventional GPS receiver 12. Then, during blockage 
conditions, switch 18 will be configured to allow GPS signals to pass from 
antenna 16 to snapshot GPS receiver 14. As shown in Figure 1 A, however, 
switch 18 may be omitted and signals from antenna 16 may be provided 
simultaneously to both conventional GPS receiver 12 and snapshot GPS receiver 
14. For such an embodiment, conventional GPS receiver 12 and snapshot GPS 
receiver 14 will communicate with one another (for example, through the use of a 
common processor or by passing control information between separate 
processors) to determine which component will provide paeudorange computation. 

An alternative embodiment, shown in Figure 1C, provides a common RF 
to IF downconverter 20 for both signal paths. This embodiment allows for 
reduced complexity in conventional GPS receiver 12 and snapshot GPS receiver 
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14. The use of shared circuitry of this type also achieves a space savings for the 
overall GPS receiver 10. It should be appreciated that although the embodiment of 
Figure 1C includes switch 18, the shared RF to IF converter 20 could also be used 
in the embodiment illustrated in Figure I A. 

Yet another embodiment of GPS receiver 10 is illustrated in Figure ID. in 
this embodiment, the shared circuitry includes RF to IF converter 20 and digitizer 
22. It will be appreciated that for this embodiment, conventional GPS receiver 12 
is configured as a digital receiver, that is, a receiver which computed pseudoranges 
using digital logic in the form of hardware correlators or a programmable signal 
processor executing appropriate instructions. Both types of conventional GPS 
receivers are known in the GPS art. Further review of the detailed discussion of 
the signal processing functions performed by snapshot GPS receiver 14 provided 
below will demonstrate how such an embodiment can be implemented in 
accordance with the present invention. 

The embodiment of Figure ID may have conventional GPS receiver 12 and 
snapshot GPS receiver 14 as separate functional units (e.g., separate integrated 
circuits) configured to communicate with one another. Alternatively, these two 
units may be formed on a single integrated circuit 30 with shared circuitry 
configured to perform GPS signal processing appropriate to the reception 
conditions. That is, for non-blockage conditions, the circuitry may be configured 
to perform conventional GPS signal processing as described above. Then, when 
blockage conditions are encountered, the circuitry could be configured to perform 
snapshot GPS signal processing as will be described in detail below. Those 
skilled in the art will appreciate that these functions could be accomplished with a 
programmable digital signal processor and appropriate computer readable 
instructions provided in, for example, a programmable read only memory (PROM) 
or with specially designed hardware circuitry. In either case, RF to IF 
downconverter 20 and digitizer 22 may be included on the single integrated circuit 
30. However, because such components are commercially available in their 
separate form today, a presently preferred embodiment of the Figure ID 
implementation uses independent RF to IF downconverter 20 and digitizer 22 as 
illustrated. 

Those skilled in the art will appreciate that Figures 1 A - ID merely 
illustrate four of many potential embodiments of the present invention. Variations 
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of these embodiments are possible wherein various circuitry or functions are 
shared between conventional GPS receiver 12 and snapshot GPS receiver 14. 
These variations are within the spirit and scope of the present invention. For 
convenience, the embodiment of Figure 1C will be chosen for further detailed 
description below because it illustrates an embodiment with an intermediate level 
of shared circuitry which may be commercially available. It should further be 
noted that pseudoranges may be used to compute the geographical position of GPS 
receiver 10 in many different ways. Three examples are: 

Method 1 : By retransmitting the Satellite Data Messages to 
the GPS receiver 10 from a basestation 50, GPS 
receiver 10 may combine this information with the 
pseudorange measurements to compute its position. 
See, for example, U.S. Patent No. 5,365,450, 
which is incorporated herein by reference. 
Method 2: GPS receiver 10 may gather the satellite 

ephemeris data from the reception of GPS signals in 
the normal manner that is commonly practiced in the 
art using conventional GPS receiver 12. This data, 
which typically is valid for one to two hours, may 
be combined with pseudorange measurements from 
conventional GPS receiver 12 or, during blockage 
conditions, from snapshot GPS receiver 14 to 
complete the position calculation. 
Method 3: GPS receiver 10 may transmit over a 

communications link 52 the pseudoranges computed 
by conventional GPS receiver 12 or snapshot GPS 
receiver 14 to basestation 50 which can combine 
this information with the satellite ephemeris data to 
complete the position calculation. See, for example, 
U.S. Patent No. 5,225,842, which is incorporated 
herein by reference. 
Method 2 provides the advantage of allowing GPS receiver 10 to operate in 
a self-contained manner. That is, no external communications are required. In 
Methods 1 and 3, basestation 50 requires information regarding the satellites in 
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view of GPS receiver 10. This may be accomplished by knowing approximately 
the area in which GPS receiver 10 is operating or by ensuring that basestation 50 
and GPS receiver 10 have a common view of all satellites of interest and are 
positioned close enough to one another to resolve a time ambiguity associated with 
the repetition rate of the GPS pseudorandom codes. This latter condition will be 
met for a range between basestation 50 and GPS receiver 10 of 1/2 times the speed 
of light times the PN repetition period (1 millisecond), or about 150 km. 

Referring now to Figure 2, one embodiment of GPS receiver 10 (that 
corresponding to the embodiment illustrated in Figure 1C) is shown. Although the 
remaining discussion will be directed primarily to the embodiment illustrated in 
Figure 2, it will be apparent to those skilled in the an that the apparatus and 
methods, including the signal processing functions to be described, may be used 
in any or all of the embodiments illustrated in Figures 1 A - ID. For those 
embodiments, such as the Figure ID embodiment, where different circuitry is 
shared between conventional GPS receiver 12 and snapshot GPS receiver 14, 
appropriate signal paths would be provided 

Upon power up and initialization, switch 18 is configured to provide a 
signal path from RF to IF downconverter 20 to conventional GPS receiver 12. 
Conventional GPS receiver 12 begins to compute pseudoranges using 
conventional correlation operations as described above. Conventional GPS 
receiver 12 also receives, decodes and stores satellite ephemeris data received from 
the in view GPS satellites. In addition, conventional GPS receiver 80 stores 
Doppler information associated with each of the in view GPS satellites. This 
Doppler information will typically be in the farm of frequency information and can 
be digitized and stored in RAM 32 under the control of microprocessor 34. The 
Doppler information will be used by GPS receiver 10 when blockage conditions 
are encountered as described below. Where available, conventional GPS receiver 
12 may use differential GPS (DGPS) correction information transmitted from 
basestation 50 to assist in determining the position of the GPS receiver 10. The 
position so determined may be displayed on display 36 as latitude and longitude 
information, a highlighted map display or another position indication. 

Alternatively, for an embodiment which utilizes the Method 3 approach as 
described above, the pseudorange information computed by conventional GPS 
receiver 12 can be transmitted to basestation 50 via modem 38 and communication 
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antenna 40 for final position determination. In such an embodiment, the 
pseudorange information would be transmitted over a communication link 42 from 
the GPS receiver 10 to the basestation 50. Basestation 50 would be configured 
with its own GPS receiver, thereby providing a means of obtaining satellite 
ephemeris information. A processor located at basestation 50 would be provided 
with information regarding the approximate position of GPS receiver 10 (so that 
the proper satellite information could be selected) and would combine the 
ephemeris information with the received pseudoranges to compute the position of 
the GPS receiver 10. This computed position information could then be 
transmitted back to GPS receiver 10 via communication link 42 where it would be 
displayed on display 36. 

Under either method, GPS receiver 10 would display the results of a 
position computation upon receipt of a fix command, i.e., a command to determine 
the geographic location of GPS receiver 10. The fix command may be provided 
via a user using front panel controls 44 (or from the basestation 50 when the 
optional modem 58 and associated communication antenna 40 are used). Upon 
receipt of the fix command, microprocessor 34 polls conventional GPS receiver 12 
for a position report and conventional GPS receiver 12 demodulates the received 
GPS signals and produces pseudorange information in the conventional fashion as 
described above. 

Under normal operating conditions, i.e., when antenna 16 has a clear view 
of the sky, conventional GPS receiver 12 is able to accurately acquire and track a 
sufficient number of GPS satellites to produce pseudorange and/or position 
information for GPS receiver 10. However, such conditions may rapidly 
deteriorate when, for example, GPS receiver 10 is moved into an urban or other 
canyon, inside a building, under a tree or other foliage, or into some other area 
which results in at least a partial blockage of the sky. Under these conditions, it is 
likely that conventional GPS receiver 12 will be unable to track a sufficient number 
of satellites to produce reliable pseudorange and/or position information. The 
blockage conditions will result in a reduced signal to noise ratio for the GPS 
signals received by conventional GPS receiver 12 and these reduced signal to 
noise levels can be used as a trigger for GPS receiver 10 to switch to a "snapshot" 
mode. 
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Upon detecting the reduced signal to noise levels of received GPS signals, 
or under user command entered through front panel controls 44, conventional 
GPS receiver 12 signals microprocessor 34 that it is encountering a blockage 
condition. Upon receipt of such a signal, microprocessor 34 configures GPS 
receiver 10 to operate in the snapshot mode. When the GPS receiver 10 enters the 
snapshot mode, microprocessor 34 activates switch 1 8 so as to provide a signal 
path to the circuitry which makes up snapshot GPS receiver 14. This circuitry 
includes analog to digital converter (A/D) 46, digital snapshot memory 48, general 
purpose programmable digital signal processor (DSP) 52, program EPROM 54, 
field programmable gate array (FPGA) 56, frequency synthesizer 58 (which is 
also used in conjunction with conventional GPS receiver 1 2 to provide a local 
oscillator for RF to IF downconverter 20), battery and power control circuit 60 
and microprocessor 34 (which may also control the operations of conventional 
GPS receiver 12). 

While in snapshot mode, when GPS receiver 10 receives a fix command, 
microprocessor 34 activates A/D converter 46 and digital snapshot memory 48 via 
the battery and power control circuit 60. This causes signals from the GPS 
satellites, which are received via antenna 16 and downcon verted to an IF 
frequency in RF to IF downconverter 20, to undergo digitization. That is, the IF 
signals are sampled by A/D converter 46 at a frequency equal to the sample clock 
generated by frequency synthesizer 58 and the resulting data is stored in digital 
snapshot memory 48. A contiguous set of such data, typically corresponds to a 
duration of 100 milliseconds to 1 second (or even longer). The addressing of 
digital snapshot memory 48 is controlled by FPGA 56. 

Note that all this time (while the snapshot memory 48 is being filled with 
the digitized GPS signals from the in view satellites) the DSP 52 may be in a low 
power state. A/D converter 46 need only be turned on for a short period of time, 
sufficient to collect and store the data required for pseudorange calculation. After 
the data collection is complete, these converter circuits may be turned off, thus not 
contributing to additional power dissipation during the actual pseudorange 
calculation. The pseudorange calculation is then performed using, in one 
embodiment, a general purpose, programmable digital signal processing integrated 
circuit (DSP 52), as exemplified by a TMS320C30 integrated circuit from Texas 
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Instruments. DSP 52 is placed in an active power state by the microprocessor 34 
via the battery and power control circuit 60 prior to performing such calculations. 

This DSP 52 differs from others used in some GPS units in that it is 
general purpose and programmable, as compared to specialized custom digital 
signal processing integrated circuits. Furthermore, the DSP 52 makes possible the 
use of fast convolution algorithms, which permit very rapid computation of the 
pseudoranges by performing rapidly a large number of convolution operations 
between a locally generated reference and the received GPS signals. Typically, 
2046 such operations are required to complete the search for the epochs of each 
received GPS signal. The fast convolution algorithms permit a simultaneous and 
parallel search of all such positions, thus speeding the required computation 
process by a factor of 10 to 100 over conventional approaches. 

Once the DSP 52 has computed the pseudoranges (in the fashion described 
in detail below), this information may be used to compute the position of GPS 
receiver 10 using the satellite ephemeris data previously stored by conventional 
GPS receiver 12. The manner in which such position computations are performed 
are well known in the art and the resulting position information may be displayed 
on display 36 as latitude and longitude (and altitude) information, as a highlighted 
map position or in another useful fashion. The position computations may be 
performed by microprocessor 34 executing program commands stored in 
EEPROM 62 or by DSP 52 executing commands stored in Program EPROM 54. 
The position computations may be made more accurately using DGPS corrections 
received from basestation 50 or other source of DGPS information (e.g., FM 
subcarrier broadcasts). 

Alternatively, for a Method 3-type embodiment, once the DSP 52 
completes its computation of pseudoranges for each of the in view satellites, it may 
transmit this information to basestation 50 across communication link 42 via 
modem 38 and under the control of microprocessor 34. At this time the 
microprocessor 34 may cause the DSP 52 to again enter a low power state by 
sending an appropriate control signal to the battery and power control circuit 60. 
In addition to the pseudorange data, a time tag may be simultaneously transmitted 
to basestation 50. The time tag indicates the elapsed time from the initial data 
collection in the digital snapshot memory 48 to the time of transmission of the data 
over the communication link 42. This time tag improves the capability of the 
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basestarion SO to complete the position calculation because it allows the 
computation of the GPS satellites respective positions at the time of data collection. 

Modem 38, in one embodiment, utilizes a separate communication antenna 
40 to transmit and receive messages over communication link 42. It will be 
appreciated that modem 38 includes a communications receiver and a 
communications transmitter which are alternatively coupled to antenna 42 as 
required. Similarly, basestation SO may use a separate antenna 64 to transmit and 
receive communication link messages, thus allowing continuous reception of GPS 
signals via GPS antenna 66 at the basestation 50. 

As indicated above, the digital snapshot memory 48 captures a record 
length of data corresponding to a relatively long period of time. The efficient 
processing of this large block of data using fast convolution methods contributes 
to the ability of the present invention to process signals at low received levels 
(e.g., when reception is poor due to partial blockage from buildings, trees, etc.). 
All pseudoranges for visible GPS satellites are computed using this same buffered 
data. This provides improved performance relative to continuous tracking (i.e., 
conventional) GPS receivers in situations (such as urban blockage conditions) in 
which the signal amplitude is rapidly changing. 

Where a communication link 42 is used, GPS receiver 10 may employ an 
automatic frequency control (AFC) loop to lock to this carrier and thereby further 
calibrate its own reference oscillator. A message transmission time of 10 msec, 
with a received signal to noise ratio of 20 dB, will normally allow frequency 
measurement via an AFC to an accuracy of 10 Hz or better. This will typically be 
more than adequate for the requirements of the present invention. 

In one embodiment, the communication link 42 may be a commercially 
available narrow bandwidth radio frequency communications medium, such as a 
two-way pager system. This system may be used in embodiments where the 
amount of data to be transmitted between the basestation SO and the GPS receiver 
10 is relatively small (e.g., where basestation SO sends a command to GPS 
receiver 10 to perform a position fix). In other embodiments, where the amount of 
data to be transferred between basestation SO and GPS receiver 10 is relatively 
large, a higher bandwidth communication link 42 will be required. 

A representative example of an RF to IF downconverter 20 and digitizing 
system for the GPS receiver 10 is shown in Figure 3A (note that switch 18 has not 
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been shown for sake of clarity). The input signal from antenna 16 at 1575.42 
MHz is passed through a bandlimiting filter (BPF) 70 and low noise amplifier 
(LNA) 72 and sent to a frequency conversion stage. The local oscillator (LO) 76 
used in this stage is phase locked (via PLL 78) to a 2.048 MHz (or harmonic 
thereof) temperature compensated crystal oscillator (TCXO) 80. In a preferred 
implementation, the LO frequency would be 1531.392 MHz, which is 2991 x 
0.512 MHz. The resulting IF signal is then centered at 44.028 MHz. This IF is 
desirable due to the availability of low cost components near 44 MHz. In 
particular, surface acoustic wave filters (SAW), which are utilized in abundance in 
television applications, are readily available. Of course, other bandlimiting devices 
could be used instead of SAW devices. 

The received GPS signal is mixed with the LO signal in mixer 74 to 
produce the IF signal. This IF signal is passed through a SAW filter 84, for 
precision bandlimiting to 2 MHz bandwidth, and then sent to an I/Q down- 
converter 88, which translates the signal to near baseband (4 kHz center frequency 
nominally). The local oscillator frequency for this downconverter 88 is derived 
from the 2,048 MHz TCXO 80 as the 43rd harmonic of 1 .024 MHz, that is 
44.032 MHz. 

The I/Q downconverter 88 is generally commercially available as an RF 
component. It typically consists of two mixers and lowpass filters. In such 
instances, the input ports of one mixer arc fed with the IF signal and the LO signal 
and the input ports to the other mixer are fed with the same IF signal and the LO 
signal phase shifted by 90°. The outputs of the two mixers are lowpass filtered to 
remove feedthrough and other distortion products. 

As shown in Figure 3A, amplifiers 82 and 86 may be used before and after 
the bandlimiting operation as required. 

The two outputs of the I/Q downconverter 88 arc sent to two matched A/D 
converters 46 which sample the signals at 2.048 MHz. An alternative 
implementation replaces the A/D converters 46 with comparators (not shown), 
each of which outputs a two-valued (one-bit) sequence of data in accordance with 
the polarity of the incoming signal. It is well known that this approach results in a 
loss of approximately 1.96 dB in receiver sensitivity relative to a multilevel A/D 
converter. However, there may be substantial cost savings in use of a comparator 
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vs. A/D converters, as well as in the reduced memory requirement in the following 
digital snapshot memory 48. 

An alternative implementation of the RF to IF downconverter and digitizing 
system is shown in Figure 3B which utilizes a bandpass sampling method (again, 
switch 18 has not been shown). The TCXO 80 employed is at frequency 4.096 
MHz (or an harmonic thereof). The TCXO 80 output may be used as the sample 
clock to the A/D converter 46 (or comparator); this acts to translate the signal to 
1.028 MHz. This frequency is the difference between the 1 1th harmonic of 4.096 
MHz and the input IF frequency 44.028 MHz. The resulting 1 .028 MHz IF is 
nearly one-fourth the sample rate, which is known to be nearly ideal in minimizing 
sampling type distortions. As compared to the VQ sampling of Figure 3A, this 
single sampler provides one channel of data rather than two, but at twice the rate. 
In addition, the data is effectively at an DF of 1.028 MHz. I/Q frequency 
conversion to near 0 MHz would then be implemented by digital means in the 
following processing to be described. The apparatus of Figures 3 A and 3B are 
competitive in cost and complexity; often component availability dictates the 
preferred approach. It will be apparent to those skilled in the an, however, that 
other receiver configurations could be used to achieve similar results. 

In order to simplify the following discussion, the following assumes that 
the l/Q sampling of Figure 3A is employed and that the digital snapshot memory 
48 contains two channels of digitized data at 2.048 MHz. 

Details of the signal processing performed in the DSP 52 may be 
understood with the aid of the flowgraph of Figure 4 and the pictorial of Figures 
5A - 5E. It will be apparent to those skilled in the art that the machine code, or 
other suitable code, for performing the signal processing to be described may be 
stored in EPROM 54. Other non-volatile storage devices could also be used. The 
objective of the processing is to determine the timing of the received waveform 
with respect to a locally generated waveform. Furthermore, in order to achieve 
high sensitivity, a very long portion of such a waveform, typically 100 
milliseconds to 1 second, is processed. 

In order to understand the processing, one first notes that each received 
GPS signal (C/A mode) is constructed from a high rate ( 1 MHz) repetitive 
pseudorandom (PN) pattern of 1023 symbols, commonly called "chips." These 
"chips" resemble the waveform shown in Figure 5 A. Further imposed on this 
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pattem is low rate data, transmitted from the satellite at 50 baud. All of this data is 
received at a very low signal-to-noise ratio as measured in a 2 MHz bandwidth. If 
the carrier frequency and all data rates were known to great precision, and no data 
were present, then the signal-to-noise ratio could be greatly improved, and the data 
greatly reduced, by adding to one another successive frames. For example, there 
are 1000 PN frames over a period of 1 second. The first such frame could be 
coherently added to the next frame, the result added to the third frame, etc. The 
result would be a signal having a duration of 1023 chips. The phasing of this 
sequence could then be compared to a local reference sequence to determine the 
relative timing between the two, thus establishing the so-called pseudorange. 

The above process must be carried out separately for each satellite in view 
from the same set of stored received data in the digital snapshot memory 48, since, 
in general, the GPS signals from different satellites have different Dopplcr 
frequencies and the PN patterns differ from one another. 

The above process is made difficult by the fact that the carrier frequency 
may be unknown by in excess of 5 kHz due to signal Doppler uncertainty and by 
an additional amount due to receiver local oscillator uncertainty. These Doppler 
uncertainties are removed in one embodiment of the present invention by storing 
such information in RAM 32 as described above. Alternatively, Doppler 
information could be transmitted from basestation 50, which simultaneously 
monitors all GPS signals from in view satellites, in response to a signal via 
communication link 42 indicating that GPS receiver 10 had entered the snapshot 
mode. Thus, Doppler search is avoided at the GPS receiver 10. The local 
oscillator uncertainty can also be greatly reduced (to perhaps 50 Hz) by the 
aforementioned AFC operation performed using the communication link 42 signal. 

The presence of 50 baud data superimposed on the GPS signal still limits 
the coherent summation of PN frames beyond a period of 20 msec. That is, at 
most 20 frames may be coherently added before data sign inversions prevent 
further processing gain. Additional processing gain may be achieved through 
matched filtering and summation of the magnitudes (or squares of magnitudes) of 
the frames, as detailed in the following paragraphs. 

The flowgraph of Figure 4 begins at step 100 with a command to initialize 
a snapshot GPS processing operation (termed a "Fix Command" in Fig. 4). 
Where necessary (e.g., where no prior Doppler information has been stored by 
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conventional GPS receiver 12), the command includes a transmission from GPS 
receiver 10 to basestation 50 for Doppler information for the in view satellites to be 
transmitted from basestation 50 over communication link 42. At step 102, the 
GPS receiver 10 computes its local oscillator drift, for example, by frequency 
locking to the signal transmitted from the basestation 50. An alternative would be 
to utilize a very good quality temperature compensated crystal oscillator (TCXO 
80) in the unit. For example, digitally controlled TCXOs, so-called DCXOs, 
currently can achieve accuracy of about 0.1 parts per million, or an error of about 
150 Hz for the LI GPS signal. 

At step 104, microprocessor 34 activates switch 1 8; turns on power to A/D 
converters 46 and digital snapshot memory 48; and a snapshot of data of duration 
K PN frames of the C/A code, where K is typically 100 to 1000 (corresponding to 
100 msec to 1 second time duration) is collected. When a sufficient amount of 
data has been collected, microprocessor 34 turns off the A/D converters 46. 

The pseudorange of each satellite is computed in turn as follows. First, at 
step 106 for the given GPS satellite signal to be processed, the corresponding 
pseudorandom code (PN) is retrieved from EPROM 54. As discussed shortly, the 
preferred PN storage format is actually the Fourier transform of this PN code, 
sampled at a rate of 2048 samples per the 1023 PN bits. 

The data in digital snapshot memory 48 is processed in blocks of N 
consecutive PN frames, that is blocks of 2048N complex samples (N is an integer 
typically in the range 5 to 10). Similar operations are performed on each block as 
shown in the bottom loop (steps 108-124) of Figure 4. That is, this loop is 
performed a total of K/N times for each GPS signal to be processed. 

At step 108 the 2048N data words of the block are multiplied by a complex 
exponential that removes the effects of Doppler on the signal carrier, as well as the 
effects of drifting of the receiver local oscillator. To illustrate, suppose the 
Doppler frequency obtained from conventional GPS receiver 12 (i.e., RAM 32) or 
the basestation 50 plus local oscillator offsets corresponded to f e Hz. Then the 
premultiplication of the data would take the form of the function e'i 2 ^" 7 , n= [0, 

l t 2 2048N -1] + (B-l) x 2048N, where T=l/2.048 MHz is the sampling 

period, and the block number B ranges from 1 to K/N. 

Next, at step 1 10, the adjacent groups of N (typically 10) frames of data 
within the block are coherently added to one another. That is, samples 0, 2048, 
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4096, ... 2048(N-1) -1 are added together, then 1, 2049, 4097, ... 2048(N-1) are 
added together, etc. At this point the block contains only 2048 complex samples. 
An example of the waveform produced by such a summing operation is illustrated 
in Figure 5B for the case of 4 PN frames. This summing operation may be 
considered a preprocessing operation which precedes the fast convolution 
operations. 

Next, at steps 1 12-118, each of the averaged frames undergoes a matched 
filtering operation, which purpose is to determine the relative timing between the 
received PN code contained within the block of data and a locally generated PN 
reference signal. Simultaneously, the effects of Doppler on the sampling times is 
also compensated for. These operations are greatly speeded, in one embodiment, 
by the use of fast convolution operations such as Fast Fourier Transform (FFT) 
algorithms used in a manner to perform circular convolution, as presently 
described. 

In order to simplify discussion, the above mentioned Doppler 
compensation is initially neglected. 

The basic operation to be performed is a comparison of the data in the 
block being processed (2048 complex samples) to a similar reference PN block 
stored locally. The comparison is actually done by (complex) multiplying each 
element of the data block by the corresponding element of the reference and 
summing the results. This comparison is termed a "correlation." However, an 
individual correlation is only done for one particular starting time of the data block, 
whereas there are 2048 possible positions that might provide a better match. The 
set of all correlation operations for all possible starting positions is termed a 
"matched filtering" operation. The full matched filtering operation is required in a 
preferred embodiment. 

The other times of the PN block can be tested by circularly shifting the PN 
reference and reperforming the same operation. That is, if the PN code is denoted 
p(0) p(l) ... p(2047), then a circular shift by one sample is p(l) p(2) .... p(2047) 
p(0). This modified sequence tests to determine if the data block contains a PN 
signal beginning with sample p(l). Similarly the data block may begin with 
samples p(2), p(3), etc., and each may be tested by circularly shifting the reference 
PN and reperforming the tests. It should be apparent that a complete set of tests 
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would require 2048 x 2048 = 4,194,304 operations, each requiring a complex 
multiplication and addition. 

A more efficient, mathematically equivalent method may be employed, 
utilizing the Fast Fourier Transform (FFT), which only requires approximately 12 
x 2048 complex multiplications and twice the number of additions. In this 
method, the FFT is taken for the data block, at step 1 12, and for the PN block. 
The FFT of the data block is multiplied by the complex conjugate of the FFT of the 
reference, at step 1 14, and the results are inverse Fourier transformed at step 118. 
The resulting data so gotten is of length 2048 and contains the set of correlations 
of the data block and the PN block for all possible positions. Each forward or 
inverse FFT operation requires P/2 log2 P operations, where P is the size of the 
data being transformed (assuming a radix-2 FFT algorithm is employed). For the 
case of interest, P=2048, so that each FFT requires 1 1 x 1024 complex 
multiplications. However, if the FFT of the PN sequence is prestorcd in EPROM 
54, as in a preferred embodiment, then its FFT need not be computed during the 
filtering process. The total number of complex multiplies for the forward FFT, 
inverse FFT and the product of the FFTs is thus (2 x 1 1 + 2) x 1024 = 24576, 
which is a savings of a factor of 171 over direct correlation. Figure 4C illustrates 
the waveform produced by this matched filtering operation. 

The preferred method of the current invention utilizes a sample rate such 
that 2048 samples of data were taken over the PN period of 1023 chips. This 
allows the use of FFT algorithms of length 2048. It is known that FFT algorithms 
that are a power of 2, or 4, are normally much more efficient than those of other 
sizes (and 2048 = 2 11 ). Hence the sampling rate so chosen significantly improves 
the processing speed. It is preferable that the number of samples of the FFT equal 
the number of samples for one PN frame so that proper circular convolution may 
be achieved That is, this condition allows the test of the data block against all 
circularly shifted versions of the PN code, as discussed above. A set of alternative 
methods, known in the art as "overlap save" or "overlap add" convolution may be 
utilized if the FFT size is chosen to span a number of samples different from that 
of one PN frame length. These approaches require approximately twice the 
number of computations as described above for the preferred implementation. 

It should be apparent to one skilled in the art how the above process may 
be modified by utilizing a variety of FFT algorithms of varying sizes together with 
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a variety of sample rates to provide fast convolution operations. In addition, a set 
of fast convolution algorithms exist which also have the property that the number 
of computations required are proportional to P log2P rather than P 2 as is required 
in straightforward correlation. Many of these algorithms are enumerated in 
standard references, for example, H.J. Nussbaumer, "Fast Fourier Transform and 
Convolution Algorithms," New York, Springer- Verlag, C1982. Important 
examples of such algorithms are the Agarwal-Cooley algorithm, the split nesting 
algorithm, recursive polynomial nesting algorithm, and the Winograd-Fourier 
algorithm, the first three of which are used to perform convolution and the latter 
used to perform a Fourier transform These algorithms may be employed in 
substitution of the preferred method presented above. 

The method of time Doppler compensation employed at step 1 16 is now 
explained. In the preferred implementation, the sample rate utilized may not 
correspond exactly to 2048 samples per PN frame due to Doppler effects on the 
received GPS signal as well as local oscillator instabilities. For example, it is 
known that the Doppler shift can contribute a delay error of ±2700 nsec/sec. In 
order to compensate for this effect, the blocks of data processed in the above 
description need to be time shifted to compensate for this error. As an example, if 
the block size processed corresponds to 5 PN frames (5 msec), then the time shift 
from one block to another could be as much as ±13.5 nsec. Smaller time shifts 
result from local oscillator instability. These shifts may be compensated for by 
time shifting the successive blocks of data by multiples of the time shift required 
by a single block. That is, if the Doppler time shift per block is d, then the blocks 
are time shifted by nd, where n=0, 1, 2 

In general these time shifts are fractions of a sample. Performing these 
operations directly using digital signal processing methods involves the use of 
nonintegral signal interpolation methods and results in a high computation burden. 
An alternative approach, that is a preferred method of the present invention, is to 
incorporate the processing within the fast Fourier transform functions. It is well- 
known that a time shift of d seconds is equivalent to multiplying the Fourier 
Transform of a function by crP 3 **, where f is the frequency variable. Thus, the 
time shift may be accomplished by multiplying the FFT of the data block by 

c -j2*nd/T f for n=0> lf 2 1023 and by e -j2*<n-2048)d/T f for n =1024, 1025, ... , 

2047, where Tf is the PN frame duration (1 millisecond). This compensation adds 
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only about 8% to the processing time associated with the FFT processing. The 
compensation is broken into two halves in order to guarantee continuity of phase 
compensation across 0 Hz. 

After the matched filtering operation is complete, the magnitudes, or 
magnitudes-squared, of the complex numbers of the block are computed at step 
120. Either choice will work nearly as well. This operation removes effects of 50 
Hz data phase reversals (as shown in Figure SD) and low frequency carrier errors 
that remain. The block of 2048 samples is then added to the sum of the previous 
blocks processed at step 122. Step 122 may be considered a post processing 
operation which follows the fast convolution operation provided by steps 122- 
188. This continues until all K/N blocks are processed, as shown by the decision 
block at step 124, at which time there remains one block of 2048 samples, from 
which a pseudorange is calculated. Figure 5E illustrates the resulting waveform 
after the summing operation. 

Pseudorange determination occurs at step 126. A peak is searched for 
above a locally computed noise level. If such a peak is found, its time of 
occurrence relative to the beginning of the block represents the pseudorange 
associated with the particular PN code and the associated GPS satellite. 

An interpolation routine is utilized at step 126 to find the location of the 
peak to an accuracy much greater than that associated with the sample rate (2.048 
MHz). The interpolation routine depends upon the prior bandpass filtering used in 
the RF/IF portion of the GPS receiver 10. A good quality filter will result in a 
peak having a nearly triangular shape with the width of the base equal to 4 
samples. Under this condition, following subtraction of an average amplitude (to 
remove a DC baseline), the largest two amplitudes may be used to determine the 
peak position more precisely. Suppose these amplitudes are denoted A p and Ap+i, 
where Ap>Ap+i, without loss of generality, and p is the index of the peak 
amplitude. Then the position of the peak relative to that corresponding to Ap may 
be provided by the formula: peak location = p+ Ap^Ap+Ap* i). For example if A p 
= Ap+1, then the peak location is found to be p+ 0.5, that is, halfway between the 
indices of the two samples. In some situations the bandpass filtering may round 
the peak and a three point polynomial interpolation may be more suitable. 
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In the preceding processing, a local noise reference used in thresholding 
may be computed by averaging all the data in the final averaged block, after 
removing the several largest such peaks. 

Once the pseudorange is found, the processing continues at step 128 in a 
similar manner for the next satellite in view, unless all such satellites have been 
processed. Upon completion of the processing for all such satellites, the process 
continues at step 130 where the pseudorange data is transmitted to the basestation 
50 over communication link 42, where the final position calculation of the remote 
is performed (assuming Method 3 is utilized). Alternatively, the position 
calculation may be performed at GPS receiver 10 using satellite ephemeris data 
collected by conventional GPS receiver 12 and stored in RAM 32. The computed 
position may be displayed on display 36 and/or transmitted to basestation 50 over 
communication link 42. Finally, at step 132, the majority of the snapshot GPS 
receiver circuitry of the GPS receiver 10 is placed in a low power state, awaiting a 
new command to perform another positioning operation. 

GPS receiver 10 can continue to operate in the snapshot mode, computing 
pseudoranges and/or positions periodically, until GPS receiver 10 is positioned 
such that antenna 16 again has a clear view of the sky, at which time conventional 
GPS receiver 12 can again be used to acquire and track GPS satellites in order to 
obtain a position fix. In the foregoing embodiment, the processing of GPS signals 
from each satellite while in the snapshot mode occurs sequentially in time, rather 
than in parallel. In an alternative embodiment, the GPS signals from all in-view 
satellites may be processed together in a parallel fashion in time. 

Although the methods and apparatus of the present invention have been 
described with reference to GPS satellites, it will be appreciated that the teachings 
are equally applicable to positioning systems which utilize pseudolites or a 
combination of satellites and pseudolites. Pseudolites are ground based 
transmitters which broadcast a PRN code (similar to a GPS signal) modulated on 
an L-band carrier signal, generally synchronized with GPS time. Each transmitter 
may be assigned a unique PRN code so as to permit identification by a remote 
receiver. Pseudolites are useful in situations where GPS signals from an orbiting 
satellite might be unavailable, such as tunnels, mines, buildings or other enclosed 
areas. The term "satellite", as used herein, is intended to include pseudolite or 



WO 97/14057 



PCT/US96/16178" 



-23- 

equivalents of pseudolites, and the tcrai GPS signals, as used herein, is intended 
to include GPS-like signals from pseudolites or equivalents of pseudolites. 

It will be further appreciated that the methods and apparatus of the present 
invention are equally applicable for use with the GLONASS and other satellite- 
based positioning systems. The GLONASS system differs from the GPS system 
in that the emissions from different satellites are differentiated from one another by 
utilizing slightly different carrier frequencies, rather than utilizing different 
pseudorandom codes. In this situation, substantially all the circuitry and 
algorithms described above are applicable, with the exception that when 
processing a new satellite's emission, a different complex exponential multiplier is 
used to preprocess the data. The operation may be combined with the Doppler 
correction operation of step 108 of Figure 4, without requiring any additional 
processing operations. Only one PN code is required in this situation, thus 
eliminating step 106. 

In the foregoing specification, the invention has been described with 
reference to specific exemplary embodiments thereof. It will, however, be evident 
that various modifications and changes may be made thereto without departing 
from the broader spirit and scope of the invention as set forth in the appended 
claims. The specification and drawings are, accordingly, to be regarded in an 
illustrative rather than a restrictive sense. 
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GLAIMS 

What is claimed is: 

1 . A global positioning system (GPS) receiver, comprising: 
first circuitry for receiving and processing pseudorandom 

sequences transmitted by a plurality of orbiting satellites, said first circuitry 
configured to perform correlation operations on said pseudorandom sequences to 
determine pseudoranges from said GPS receiver to said satellites; and 

second circuitry coupled to said first circuitry, said second circuitry 
configured for receiving and processing said pseudorandom sequences when said 
GPS receiver experiences blockage conditions, said second circuitry configured to 
perform said processing by digitizing and storing GPS data comprising a 
predetermined record length of said pseudorandom sequences and by performing 
fast convolution operations on said stored GPS data to determine said 
pseudoranges. 

2. A global positioning system (GPS) receiver as in claim 1 wherein 
said first circuitry and said second circuitry comprise a single integrated circuit 

3 . A global positioning system (GPS) receiver as in claim 1 wherein 
said second circuitry comprises: 

a memory configured to receive and store said GPS data; and 
a programmable digital signal processor (DSP) coupled to said 

memory, said programmable DSP configured to perform fast convolution 

operations on said GPS data. 

4 . A global positioning system (GPS) receiver, comprising: 

an antenna for receiving GPS signals at an RF frequency from in 

view satellites; 

a downconverter coupled to said antenna, said downconverter for 
reducing the RF frequency of said received GPS signals to an intermediate 
frequency (IF); 

a conventional GPS receiver adaptable to be coupled to said 
downconverter, said conventional GPS receiver for acquiring and tracking a 
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plurality of GPS satellite signals and for extracting Doppler information from said 
GPS satellite signals; and 

first circuitry coupled to said conventional GPS receiver and 
adaptable to be coupled to said downcon verted, said first circuitry configured for 
receiving and processing said received GPS signals when said GPS receiver 
experiences blockage conditions, said first circuitry configured to perform said 
processing by digitizing and storing GPS data comprising a predetermined record 
length of said IF GPS signals and by performing fast convolution operations on 
said stored GPS data to determine said pseudoranges. 

5 . A GPS receiver as in claim 4 wherein said first circuitry comprises: 
a digitizer adaptable to be coupled to said downconverter upon 

receipt of a signal indicating that said conventional GPS receiver is experiencing 
blockage conditions, said digitizer for sampling said IF GPS signals at a 
predetermined rate to produce sampled IF GPS signals; 

a memory coupled to said digitizer, said memory for storing the 
sampled IF GPS signals; 

a digital signal processor (DSP) coupled to said memory, said DSP 
for performing fast convolution operations on said sampled IF GPS signals. 

6. A GPS receiver as in claim 5 further comprising a local oscillator 
coupled to said downconverter, said local oscillator providing a first reference 
signal. 

7 . A GPS receiver as in claim 5 wherein said DSP compensates said 
sampled IF GPS signals using said Doppler information and wherein said fast 
convolution operations provide a pseudorange information. 

8 . A GPS receiver as in claim 5 wherein said first circuitry further 
comprises a power management circuit coupled to said digitizer, wherein after said 
IF GPS signals are stored in said memory, said power management circuit powers 
down said digitizer. 

9. A GPS receiver as in claim 5 wherein said GPS signals originate 
from pseudolites. 
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10. A GPS receiver as in claim 5 further comprising a receiver coupled 
to said first circuitry, said receiver for receiving differential GPS correction signals 
from a basestation. 

11. A method for using a dual mode GPS receiver, said method 
comprising the steps of: 

activating said GPS receiver in a first mode of operation including, 
receiving GPS signals from in view satellites; 
downconverting and demodulating said GPS signals to 
extract Doppler information regarding in view satellites 
and to compute pseudorange information; 
storing said Doppler information; 
detecting when said GPS receiver is experiencing blockage 
conditions and activating a second mode of operation in response 
thereto, the second mode including, 

digitizing said GPS signals at a predetermined rate to 

produce sampled GPS signals; 
storing said sampled GPS signals in a memory; and 
processing said sampled GPS signals to derive 
pseudoranges by performing fast convolution operations 
on said sampled GPS signals. 

12. A method as in claim 1 1 wherein said Doppler information is used 
during said second mode of operation to compensate said sampled GPS signal. 

13. A method as in claim 12 wherein during said first mode of 
operation, satellite ephemeris information is extracted from said GPS signals and 
stared in a memory and wherein during said second mode of operation said 
satellite ephemeris information is applied to said pseudoranges to calculate a 
position of said GPS receiver, 

14. A method as in claim 13 wherein said position is displayed to a 
user of said GPS receiver. 

15. A method as in claim 1 3 wherein said position is transmitted from 
said GPS receiver to a basestation. 
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16. A method as in claim 1 1 wherein said GPS signals originate from 
pseudolites. 

17. A method as in claim 1 1 further comprising the steps of: 
receiving differential GPS correction signals at said GPS receiver 

before said step of processing; and 

using said differential GPS signals during said step of processing 
to compute said position. 

18. A tracking process utilizing global positioning system (GPS) 
satellites for determining the position of a remote sensor, the process comprising 
the steps of: 

receiving GPS signals at said remote sensor from a plurality of in 
view GPS satellites; 

computing first pseudoranges utilizing said GPS signals and a 
conventional GPS receiver, 

utilizing said first pseudoranges and satellite ephemeris data to 
compute a geographic location for said sensor, 

detecting when said remote sensor is experiencing blockage 

conditions; 

computing second pseudoranges utilizing digitized and buffered 
segments of said GPS signals, said computing comprising digital signal 
processing using fast convolution operations; and 

utilizing said second pseudoranges and said satellite ephemeris data 
to compute said geographic location. 

19. The tracking process of claim 18 wherein the step of computing 
second pseudoranges further comprises: 

storing said received GPS signals in a memory as stored data; 

processing said stored GPS signals for one or more of said in view 
GPS satellites in a digital signal processor by, 

breaking said stored data into a series of contiguous blocks whose 
durations are equal to a multiple of the frame period of the pseudorandom (PN) 
codes contained within the GPS signals; 
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removing, for each block, the effects of Doppler carrier and 
receiver local oscillator frequency uncertainty; 

creating, for each block, a compressed block of data with length 
equal to the duration of a pseudorandom code period by coherently adding together 
successive subblocks of data, said subblocks having duration equal to one PN 
frame; 

performing, for each compressed block, a matched filtering 
operation to determine the relative timing between the received PN code contained 
within the block of data and a locally generated PN reference signal, said matched 
filtering operation utilizing said fast convolution techniques; 

determining said pseudorange by performing a magnitude-squared 
operation on the products created from said matched filtering operation and 
combining said magnitude-squared data for all blocks into a single block of data by 
adding together said blocks of magnitude-squared data to produce a peak, the 
location of said peak being determined using digital interpolation methods and 
corresponding to said pseudorange. 

20. The tracking process of claim 19 wherein said matched filtering 
operation comprises: 

performing a convolution of the compressed block's data against a 
stored replica of the pseudorandom sequence (PRS) of the GPS satellite being 
processed, said convolution being performed using said fast convolution 
algorithms to produce a product of the convolution. 

2 1 . The tracking process of claim 19 wherein the fast convolution 
algorithm used in processing the buffered GPS signals is a Fast Fourier Transform 
(FFT) and the result of the convolution is produced by computing the forward 
transform of said compressed block by a prestored representation of the forward 
transform of the pseudorandom sequence (PRS) of the GPS satellite being 
processed to produce a first result and then performing an inverse transformation 
of said first result to recover said result. 

22. The tracking process of claim 1 8 wherein a basestation computes 
the geographic location of said sensor. 
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23. A computer readable medium containing a computer program 
having executable code for a global positioning system (GPS) receiver, said 
computer program comprising: 

first instructions for receiving GPS signals from in view satellites, 
said GPS signals comprising pseudorandom (PN) codes; 

second instructions for computing pseudoranges from said received 
GPS signals using a conventional GPS receiver, 

third instructions for detecting when said GPS receiver is 
experiencing blockage conditions and digitizing said GPS signals at a 
predetermined rate to produce sampled GPS signals in response thereto; 

fourth instructions for storing said sampled GPS signals in a 

memory; and 

fifth instructions for processing said sampled GPS signals by 
performing fast convolution operations on said sampled GPS signals, said fifth 
instructions comprising a matched filtering operation to determine the relative 
timing between said PN codes and locally generated PN reference signals. 

24. A global positioning system (GPS) receiver apparatus, comprising: 
a first GPS receiver adaptable to be coupled to a source of GPS 

satellite signals, said first GPS receiver for acquiring and tracking a plurality of 
GPS satellite signals and for extracting Doppler information from said GPS 
satellite signals; and 

a second GPS receiver adaptable to be coupled to said source of 
GPS satellite signals during blockage conditions, said second GPS receiver 
configured to sample and store said GPS signals at a predetermined rate to produce 
sampled GPS signals and to process said sampled GPS signals using fast 
convolution operations, said second GPS receiver further configured to respond to 
a signal indicating that said GPS receiver apparatus is experiencing blockage 
conditions and to initiate a snapshot GPS mode wherein said second GPS receiver 
is coupled to said source of said GPS satellite signals. 

25 . A GPS receiver as in claim 24 wherein said first GPS receiver and 
said second GPS receiver are formed on a single integrated circuit 
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26. A GPS receiver as in claim 24 wherein said signal indicating that 
said GPS receiver is experiencing blockage conditions is generated by said first 
GPS receiver. 

27. A GPS receiver as in claim 24 wherein said GPS signals originate 
from pseudolites. 



28 . A GPS receiver as in claim 24 further comprising a communication 
receiver coupled to said first GPS receiver and to said second GPS receiver, said 
communication receiver for receiving differential GPS correction signals. 



WO 97/14057 



PCT/US96/16178 



1/6 




Snapshot GPS 
Receiver 



Switch " 



to 



I ► 


RF/IF 




Switch 




► 
















r" 




RF/IF 




Digitizer 




► 











Convent tone* GfS 




► 


Receiver 












Snapshot GPS 
Receiver 





i e> 












Conventional GPS 





•» 


Receiver 










r— ► 


Snapshot GPS 






Receiver 






-A 




1> 


Conventional GPS 






Receiver 






Snapshot GPS 
Receiver 



Conventional GPS 
Receiver 



1 A 



1B 



1C 



1D 



WO 97/14057 



2/6 



PCT/US96/16178 




WO 97/14057 



PCT/US96/16178 



4/6 




WO 97/14057 



PCT/US96/16178 



5/6 



K PN fcntti 

Ktypfcat/100 

101000 



Raeal 
Comnu 
Doppk 


*a Rx 
tnd and 
vD«i 






RodOtcPteor 
Oftaattrom 


y 




Col 
Snapi 

GPS! 


1*0 

tatcrf 
Signal 



td Wafttor 
* Command 



Find Portion or Sand 
Data to Basa to 
Oxnptola Posaion TumoftOSP 
Calculation 




Get PN Cod* For 
FiavNaxt SataUd*. 



Multiply Fkfi/Nart N 

ConaacufcvaPN 
Framas by Doppter 
Corraoion 
Exponantal 




NtypicatylO 
KftJPN 
tram** ara tetl 



Sum First/Next N w/* 
Consaculiva PN 
Framas 



Add Data to Sum 
ot Pravbus Dai a 



RndFFTof 
Swrnmad 
Frames 



Multiply by 
FFTof PN 
Coda 



FFTBasad 
Matchad Fibaring 
Against PN Coda 



I 



2048 words, 
oi data 



Find Magniiuda- 
Squarad of Oau 




Figure 4 



WO 97/14057 



PCT/US96/16178 



6/6 



Dats*1 » ; « D«ta=0 



tameO : twel ; tarn 2 • frame 3 * tame 4 : tame 5: tam*0: tame 7: tame 8: tamed; tame 10- tama 11 

□JihjihjihjiLni^^ 



Sa. Baseband PN Signal, Frame Length=7, Data Period=4 Frames 



n 



n 



n 



SB. Output After Summing Groups cff 4 PN Frames 



LL 



r 




SC. Output After FFT Based Matched Filter 



SD. Output After Squaring Matched 



y — Pseudorange 



; ^JAwamum Possible 
f^Pseudo range 



LU 



Filter Outputs 



SB. Output After Summing Outputs of D 

Figures 5A-SE 





INTERNATIONAL SEARCH 




Inte. xud Application No 

PCT/US 96/16178 


A. CLASSIFICATION OP SUBJECT MATTER _ 

IPC 6 G01S5/14 GG1S1/G4 










ification and IPC 






B. FIELDS SEARCHED 


Minimum documentation searched (daraficaoon system followed by dassificaooo symbols) 

IPC 6 G01S 


Documentation searched other than minimum documentation to the extent that 


such documents arc included in the fields i 


searched 


Electronic data base consulted during ihe international search (name of data ba 


se and, where practical. 


search terms used) 




C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Category " 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to daim No. 


A 


5G0 YEARS AFTER COLUMBUS - NAVIGATION 
CHALLENGES OF TOMORROW, MONTEREY, CA., 
MAR. 23-27, 1992, 
no. 1 January 1992, INSTITUTE OF 
ELECTRICAL AND ELECTRONICS ENGINEERS, 
pages 524-527, XPOO0344346 
ROTHBLATT M: "THE FIRST GPS SATELLITE 
RADIO OPTIMIZED FOR AUTOMATIC VEHICLE 
LOCATION* 

see page 525, left-hand column, line 3 - 
last line; figure 1 

-/-- 


1.4,11, 
18,23,24 


[x] Furt 


ter documents are listed in the continuation of box C. 


|X | Patent family 


members are listed in annex. 


* Spedal categories of dted documents : 

'A* document defining the general state of the art which is not 

considered to be of particular relevance 
'E' earlier document but published on or after the international 

filing date 

*L" document which may throw doubts on priority daim(i) or 
which is dted to establish the publication date of another 
dtation or other spedal reason (as specified) 

"0* document referring to an oral dasdoture, use, exhibition or 
other means 

"P" document published prior to the international filing date but 
later than the priority date claimed 


T later document published after the international filing date 
or priority date and not m conflict with the application but 
dted to understand the principle or theory underlying the 
m vena on 

"X* document of particular relevance; the claimed invention 
cannot be considered novel or cannot be cotmdered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance; the daimed invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combinanon bong obvious to a person skilled 
in the art. 

ctocument rnember of the same patent family 


Date of the actual completion of the international search 

7 February 1997 


Date of mailing of the mternational search report 

21.02.97 


Name and mailing address of the ISA 

European Patent Office, P.B. 381 1 Patcntlaan 2 
NL - 22S0 HV Rijswijk 
Tel. ( + 31-70) 340-3040, Tfc 31 631 cpo nl, 
Fax: (+31-70) 340-3016 


Authorized officer 

Haffner, R 



Porn PCT/ISA/310 (Mams mwt) (July IM3) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



Inte onal Application No 

PCT/US 96/16178 



C .(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * Citation of docunent, with indication, who* appropriate, of the relevant paaages 



Relevant to claim Na 



PROCEEDINGS OF THE NATIONAL AEROSPACE AND 
ELECTRONICS CONFERENCE (NAECON) , DAYTON, 
HAY 20 - 24, 1991, 

vol. 1 OF 3, 20 Hay 1991, INSTITUTE OF 

ELECTRICAL AND ELECTRONICS ENGINEERS, 

pages 98-105, XP000312627 

DAVENPORT R G: "FFT PROCESSING OF DIRECT 

SEQUENCE SPREADING CODES USING MODERN DSP 

MICROPROCESSORS" 

see the whole document 

EP 0 635 728 A (TRIMBLE NAVIGATION LTD) 25 
January 1995 

see column 1, line 56 - column 2, line 5 
see column 2, line 29 - column 3, line 29 

WO 94 28434 A (TRIMBLE NAVIGATION LTD) 8 

December 1994 

see abstract; figure 1 

US 5 329 549 A (KAWASAKI KENICHIRO) 12 
July 1994 

see column 5, line 29 - line 37 



1,4,11, 
18,23,24 



1,4,11, 
18,23,24 



1,4,11, 
18,23,24 



1,4,11, 
18,23,24 



1 



Form FCT/UA/nt (coaUftuation at met** cfaMt) (J«ty 1M9) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



Iatt ooaJ Application No 

PCT/US 96/16178 



Patent document 


Publication 


Patent family 


Publication 


cited in search report 


date 


member(s) 


date 


EP-A-0635728 


25-91-95 


US-A- 5402347 


28-03-95 






CA-A- 2127737 


23-01-95 






JP-A- 7191127 


28-07-95 



W0-A-9428434 08-12-94 US-A- 5418538 23-05-95 



US-A-5329549 12-07-94 JP-A- 6059012 04-03-94 



Form PCT/KA/2JI (paftaat family «Mtx) (July M2) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 



lil LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




